Recombinant baculoviruses are widely used to express heterologous genes in insect cells (7, 9) . The baculovirus expression system has many advantages, such as the capacity for large DNA insertion, a high level of recombinant protein synthesis, and the production of proteins that are similar in biological activity, stability, and posttranslational modifications (e.g., glycosylation, phosphorylation, etc.) to naturally occurring proteins.
The discovery of GFP has revolutionized our ability to study protein localization, dynamics, and interactions in living cells (6) . The use of GFP in a baculovirus expression system allows for early and facile detection of recombinant viruses and simplifies titer determinations (2, 10) . Further, GFP is a robust marker for protein purification and studies of interaction.
Although baculovirus expression has been used to successfully produce biologically active proteins, there are a few reports of insoluble complexes within insect cells (3, 7) . Indeed, we had difficulty in generating fibronectin fragments in Spodoptera frugiperda (Sf9) cells (see below). To address this issue, we created a new set of vectors to express proteins as secreted forms with N-terminal (His) 6 -and GFP tags in the baculovirus expression system ( Figure 1A) .
The gelatin-binding domain of rat fibronectin (Fn42k) was amplified by PCR with primers (5 ′ -AAGGATCCG -GAGTTCTACAGAGTGCTTCAGCT -GG-3 ′as an upstream primer and 5 ′ -AAAAGCTTCTAGAGCAGAGG-CTGGCAGTGCCACTCCC-3 ′as a downstream primer) and rat fibronectin cDNA as a template (8) . A BamHIHin dIII digest of the PCR product was then subcloned into Bgl II and Hin dIII sites of pEGFP-C1 (BD Biosciences Clontech, Palo Alto, CA, USA). pEGFP-Fn42k was digested with Nco I and Sma I, and the resulting 1.8-kb fragment was subcloned into Nco I and Eco RV sites of pENTR11 (Invitrogen, Carlsbad, CA, USA) and then transferred to pDEST10 using the Gateway cloning system (Invitrogen). To generate a secreted form of EGFP-Fn42k, the (His) 6 -tagged enhanced GFP (EGFP) expression vector in E. coli cells (pQE-EGFP) was first constructed by the insertion of EGFP gene ( Age I-Hin dIII fragment of pEGFP-C1) into Xma I/ Hin dIII sites of pQE30 (Qiagen, Valencia, CA, USA). A region encoding the honeybee melittin secretion signal was added as follows. ( i ) Two PCR products were generated with pQE-EGFP as a template using two sets of primer pairs TTGTACAGCTCGTCCATGC-3 ′ ), using pBSKS-MHG as a template. A Pst I-Bsp EI digest of the resulting PCR product was ligated into Pst I-Bsp EIcleaved pBSKS-MHG, yielding pBSKS-MHGX. BamHI-Hin dIII digestion of the PCR product encoding Fn42k was subcloned into the Bgl II and Hin dIII sites of pBSKS-MHG and pBSKS-MHGX, respectively. pBSKS-MHG(X)-Fn42k was digested with Pst I, followed by a fill-in reaction, and subsequently digested with Xba I. The resulting 1.9-kb fragment was subcloned into the Xmn I and Xba I sites of pENTR11 and then transferred to pDEST8. It should be noted that EGFP with the honeybee melittin secretion signal and (His) 6 -tag appeared to be quite toxic to E. coli cells when the insert was in pFastBac DNA™ (an original expression vector for pDEST8; Invitrogen). The plasmid bearing this insert was rarely amplified in E. coli cells. This is one of the reasons why the Gateway cloning system was utilized in this study. A bacterial strain (DH10Bac ™) was transformed with recombinant plasmids, and colonies containing recombinant bacmids were grown for isolation of the resulting viral DNA according to the Bac-to-Bac ™ baculovirus expression system instructions (Invitrogen). Transfection of Sf9 cells (Invitrogen) was performed using CellFECTIN ™ Reagent (Invitrogen), and supernatants were used to infect Sf9 cells through two or three stages of amplification.
Sf9 cells (2 × 10 8 ) were infected with recombinant viruses at an MOI of 5, and supernatants were harvested at 48 or 72 h after infection. Recombinant EGFP-Fn42k was purified with Talon ™ metal affinity resin (BD Biosciences Clontech) by elution of 150 mM imidazole, followed by dialysis against PBS (pH 7.4). From 100 mL culture of Sf9 cells, around 1.2 mg fusion protein was prepared. Fusion protein derived from pDEST8-MHGXFn42k was treated with Factor Xa for 2 h at 30°C, followed by the incubation with diisopropyl fluoride (Sigma, St. Louis, MO, USA) to inactivate Factor Xa. Removal of Factor Xa was performed by Xarrest ™ agarose (Novagen, Madison, WI, USA), and EGFP and uncleaved fusion protein were captured by the Talon metal affinity resin. Figure 1B shows the result of this purification. A doublet of recombinant Fn42k seems to be because of differential glycosylation. There are three Nlinked glycosylation sites within Fn42k. Indeed, the recombinant Fn42k prepared in this study was glycosylated (data not shown). We have prepared systematically a large number of fragments in which one or more modules have been deleted from Fn42k (manuscript in preparation). When the modules containing N-glycosylation sites (the second type II repeat and the eighth type I repeat) were removed from Fn42k, the doublet seen in Figure  1B disappeared and no glycosylation was detected (data not shown). Thus, differential glycosylation appears to cause a doublet of recombinant Fn42k.
When (His) 6 -tagged EGFP-Fn42k was expressed in Sf9 cells without secretion signal, the fluorescent signal was distributed within the nucleus and showed aggregation of the expressed proteins ( Figure 2A, left panels) , and the recombinant protein was hardly detected in the cell lysates (data not shown). In contrast, the fusion protein with secretion signal was primarily expressed in the cytoplasm of Sf9 cells ( Figure 2A , right panels). Consistent with this observation, a substantial amount of EGFP-Fn42k was purified from the culture supernatants as described above, indicating improved protein production by the secretion signal. Binding activity of EGFP-Fn42k to gelatin was analyzed by gelatin affinity chromatography (5). Recombinant EGFP-Fn42k and FITC-labeled native human Fn42k prepared as described previously (4) were loaded onto a gelatin-Sepharose column, and bound fractions were eluted using a urea gradient (0-6 M) and detected by a fluorescence HPLC monitor (model RF535; Shimadzu, Kyoto, Japan). Figure 2B shows the elution profile of recombinant and native Fn42k, indicating that recombinant Fn42k retains the full activity of native Fn42k.
The set of vectors described here can be used to obtain secreted forms of recombinant proteins from insect cell culture with N-terminal (His) 6 -and EGFP-tags (1). Use of (His) 6 tag allows for fast and easy purification of proteins from supernatants of Sf9 cell culture, and the EGFP tag permits early and simple detection of recombinant viruses during the preparation. The presence of a cleavage site between EGFP and the protein of interest enables the isolation of the protein. Because of its ability to produce heterologous proteins rapidly in an eukaryotic environment, the baculovirus gene expression system has been used to produce a number of complex proteins (9) . However, a large fraction of recombinant protein produced in insect cells can sometimes be poorly processed and accumulate as aggregates (3). Our results also show that the secretory pathway in insect cells facilitates the appropriate folding and disulfide bond formation necessary for the biological activity of eukaryotic proteins. Some eukaryotic and prokaryotic organisms such as Saccharomyces cerevisiaeand Synechocystiscan spontaneously take up foreign DNA and integrate it into their genomes via homologous recombination (5). This property provides the opportunity to knock out genes in these model organisms by transformation with linear DNA, in which a selectable marker is flanked by a chromosomal sequence that surrounds the targeted gene. For this reason, fusion PCR was developed to rapidly construct this kind of fragment in vitro (1). Here we describe our efforts to optimize fusion PCR for the construction of gene knockout fragments in the widely used cyanobacterial model organism, Synechocystis sp. PCC 6803. In this study, the genomic sequences of Synechocystis were obtained through CyanoBase (http://www.kazusa.or.jp/cyano/cyano. html). All primers were designed to amplify the gene-flanking segments through a Web-based program (http:// genome-www2.stanford.edu/cgi-bin/ SGD/web-primer) ( Table 1) . Each primer was 23-26 bases in length, with a T m of 58°C-62°C. The plasmids serving as a source of template used to amplify the selectable cassettes of chloramphenicol, kanamycin, and streptomycin/spectinomycin, respectively, were members of the set of plasmids produced by the Wolk group (2) .
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For the amplification of flanking regions of a target gene, the primers distal from the selectable marker insertion site were simple primers complementary to the target sequence. However, the primers directly adjacent to the insertion site were chimeric: their 5 ′ -ends were complementary to the primers used to amplify the selectable gene and their 3 ′ -ends were complementary to the target sequence. The products of this primary amplification were purified by electrophoresis using 1% low-melting agarose. Target bands were excised and stored in 1.5 mL Eppendorf ® tubes at 
